Microscopy preparations and observations 15
Light micrographs of living cells were taken using a Zeiss Axiophot light microscope 16 equipped with a Zeiss AxioCam digital camera system (Carl Zeiss, Oberkochen, 17 Germany). For scanning electron microscopy (SEM), dinoflagellate cells were fixed 18 in 1% (v:v) formol for 2 hours at room temperature. Samples were then gently filtered 19 onto 3µm pore-size Nucleopore polycarbonate filters (Pleasanton, CA, USA), washed 20 with distilled water, dehydrated in an ethanol series (25%, 50%, 75%, 95%, 100%), 21 and critical point dried. The filters were mounted on stubs, sputter coated with gold, Cells are 10.5 to 15 µm in length (average 13.1 µm, n=30) and 9.1 to 11.2 µm in 4 width (average 10.4 µm, n=30). The epitheca is larger than the hypotheca. Observed 5 under LM, cells have a slightly convex conical epitheca with a well-pronounced 6 apical horn (Fig. 1A, 1B, 1D ). The hypotheca is rounded (Fig. 1A, 1D ). The nucleus 7 is large and occupies the center of the cells (Fig. 1B, 1D ). One or two golden-yellow 8 chloroplasts are present around the cell periphery, sometimes appearing as a single 9 plastid bordering the cell periphery (Fig. 1D) . One large circular pyrenoid (sometimes 10 two) is often visible in LM (Fig. 1A-D) . No eyespot is visible in light microscopy. 11
Cells swim steadily in a straight line, rotating around the transapical axis. They 12 suddenly stop, change direction at different angles from the original path, often back-13
tracking. 14
In SEM, the epitheca appears conical ( Fig. 2A) to rounded (Fig. 2C) , and the smaller 15 hypotheca is symmetrical and rounded in ventral ( Fig. 2A) and dorsal (Fig. 2C) 
view. 16
The plate tabulation is Po, X, 4', 3a, 7'', 5C, 4S, 5''', 1'''' (Figs 2A-E, 3A-D). The pore 17 plate (Po) is circular and surrounded by a high collar and is connected to the first 18 apical plate by a long well-defined rectangular canal plate (X) (Figs 2A, 3A, 3C) . single series of five rectangular plates, the first being much narrower than the others 2 ( Fig. 2A-C, 2E, 3A-B) . The sulcus is fairly shallow and narrows towards the antapical 3 end ( Fig. 2A-B) . The sulcal area comprises four plates (Fig. 2B, 3A) . One of these 4 (Sd) forms a conspicuous flange extending over the median area of the sulcus, 5 partially covering the sulcal area (Fig. 2B ). There appears to be a single plate (Ss) 6 beneath this flange (Fig. 2B ). Flagella were not preserved in our SEM preparations. In 7 the hypotheca, a series of 5 trapezoid plates of similar size borders the cingulum. A 8 single six-sided antapical plate completes the hypothecal tabulation (Fig. 2E, 3D ). The 9 cell surface is mostly smooth. We have never observed a peduncule in either LM or 10 SEM preparations. region. In our SSU rDNA phylogenetic tree (Fig. 4) , sub-clade B1 included the 2 majority of symbiont sequences recovered in this study (including those from five 3 culture strains isolated from Collozoum colonies from the Mediterranean Sea and 4
Pacific Ocean), as well as published sequences that correspond to the symbionts of 5 five collodarians and one spumellarian collected in the Atlantic Ocean (Gast and 6
Caron 1996). Sub-clade B2 contained the sequences generated in the present study of 7 the symbionts of two collodarian holobionts as well as one published sequence 8 (U52357) of the symbiont of the jellyfish Velella velella (Gast and Caron 1996). In 9 both phylogenetic reconstructions, the monophyletic clade B containing the sequences 10 of polycystine symbionts was phylogenetically distinct from the well-supported clade 11 containing members of the genus Scrippsiella (including the holotype species S. 12 sweeneyae Loeblich III), but overall the phylogenetic relationships between clades 13 within the Peridiniales were not clearly resolved in our analyses. When sequences of 14 members of the genus Bysmatrum, which have a plate tabulation pattern similar to 15 Scrippsiella-like peridinaleans (Table 2) , were included in phylogenetic analyses, they 16 formed a distinct mono-generic clade which fell on a long branch that altered overall 17 tree topology (Supplementary Figure 3) . In the SSU rDNA phylogeny (Figure 4 The polycystine symbionts also differ from Scrippsiella and Bysmatrum (but not from 10 Pentapharsodinium and Ensiculifera) in possessing 5 (rather than 6) cingular plates. 11
The wing-like flange that covers the sulcal area has not been described in any of these 12 related genera. This structure resembles the peduncule cover plate (PC) of 2006). We have not observed a peduncle in the taxon described here, but should it be 18 present, the Sd plate should rather be termed PC and the plate formula would become: 19 Po, X, 4', 3a, 7'', 5c, , 3s, PC, 5''', 1''''. 20
Comparison of morphological characters strongly supports a generic level separation 21 of the polycystine symbiont reported here from other described Peridiniales taxa, a 22 In light of both morphological and genetic differences from existing genera, this taxon 4 should clearly be classified in a distinct genus. Although S. nutricula was previously 5 classified within the genus Endodinium, this genus was created to describe the 6 symbiont of Velella velella from the Mediterranean and there is sufficient doubt as to 7 whether these organisms are actually closely related (see below) to preclude 8 reinstatement of this combination, which in any case should be considered 9 synonymous with Z. nutricula. Strict adherence to nomenclatural rules would hence 10 dictate the use of the genus Zooxanthella for this species, but we agree with numerous 11 irrespective of whether all of these sequences were available for the taxa included (i.e. 10 an alignment with significant gaps). Our individual SSU and LSU phylogenies do not 11 recover this relationship. The present study provides strong evidence from two highly 12 conserved phylogenetic markers (SSU and LSU rDNA) to support the conclusion 13 from our observations of the morphology of free-living cells that Brandtodinium is a 14 taxonomically distinct genus within the Peridiniales. We chose not to employ an Scrippsiella, as S. chattonii. These authors gave the thecal plate formula for S. 4 velellae as pp (=Po, X), 4', 3a, 7'', 5c, 3s, 5''', 2'''', which corresponds neither to 5 that of Scrippsiella nor to that of Brandtodinium ( Table 2 ). The spine-like 6 protuberance on the first cingular plate illustrated in Figure 11 context it is interesting to note that the known genetic diversity (in terms of SSU and 2 LSU rDNA sequences) of Brandtodinium and Pelagodinium, both of which form 3 symbiotic relationships with planktonic hosts, is relatively low (2 clades described 4 within each of these genera) compared to that of Symbiodinium (9 divergent clades 5 and multiple sub-clades, Stat et al. 2008; Pochon and Gates 2010) that is 6 predominately found in association with benthic host organisms. This apparent trend 7 might be explained by the relatively low number of studies on symbiosis in the 8 pelagic realm, but might also be real and reflect inherent differences between life and 9 symbiotic processes in planktonic and benthic ecosystems (Decelle 2013). Supplementary Figures 1 and 2) . 
